A reliable LC-MS method has been applied for the separation and identification of major constituents of the rhizome of Smilacis glabrae. Identification of the constituents was carried out by interpretation of their retention time, and MS and MS/MS data, especially by comparing these with Sarcandra glabra under the same LC-MS conditions, as well as the data provided by the literature. Thirty-three compounds, including catechin derivatives, flavanonols, phenolic acid derivatives and phenylpropanoid glycosides were either identified or tentatively characterized. Among them, compound 12 was deduced to be a new phenylpropanoid-substituted catechin. Fragmentation behaviors of the three major categories of compounds were also investigated. This UPLC-PDA/ESI-MS n method was effective for the separation and identification of the constituents and could be the basis for the comprehensive quality control of Smilacis glabrae.
The rhizome of Smilacis glabrae Roxb (family Smilacaceae) is a well-known traditional Chinese medicine (TCM) used for detoxification, relieving dampness and as a diuretic [1] . Flavonoids and phenylpropanoid glycosides have been isolated from S. glabrae [2a, 2b] . The aqueous extract of this species was reported to have immunomodulatory activity [3] . Several analytical methods, including HPLC fingerprint [4] and capillary electrophoresis [5] , have been developed for the analysis of S. glabrae. However, these methods are inadequate for its comprehensive quality control. Nowadays, mass spectral profiling has become an effective tool for quality control of herbal medicines, and we have previously reported a LC-MS analysis method to profile the major constituents of another traditional Chinese medicine, Sarcandra glabra [6] , which has similar functions as Smilacis glabrae in TCM. To our surprise, the two herbal medicines were found to have 12 identical constituents under the same LC-MS analysis conditions, although they belong to different families. S. glabrae also has characteristic constituents like catechin derivatives and phenylpropanoid glycosides. Here, we present a complete analysis of the major constituents of the rhizomes of S. glabrae using a previously established LC-MS method.
In this study, the LC-MS analysis method was applied to characterize the major constituents of S. glabrae. Twelve compounds (compounds 2, 6, 9, 11, 13, 15, 16, 17, 19, 22, 23 and 26) were quickly identified by comparing the retention time, and parent and product MS ions with those obtained from Sarcandra glabra. Other constituents that were found only in Smilacis glabrae were characterized from the accurate parent ion and corresponding MS 2 data, and by comparison with the literature. A total of 33 compounds were either identified or tentatively characterized. The UPLC/PAD and total ion current (TIC) profiles of the rhizome of S. glabrae are shown in Figure 1 ; Figure 2 shows the chemical structures of the characterized compounds. Among them, compound 12 was deduced to be a new phenylpropanoid-substituted catechin. Protocatechuic acid (2), caffeic acid (6), proanthocyanidin dimer B (8), 3-O-caffeoylshikimic acid (9), 4-O-caffeoylshikimic acid (11), 3',4',5,7-tetrahydroxyflavan-(48)-3,3',4',5,7-pentahydroxy-flavan (14), 6,7,8-trihydroxycoumarin-7-rhamnopyranoside (15), rosmarinic acid (26) and naringenin (30) are reported for this species for the first time.
Characterization of flavonoid derivatives:
A total of 16 compounds were identified as flavonoid derivatives. Nine (5, 8, 10, 12, 14, 18, 21, 28 and 19) were identified as catechin derivatives. All these displayed prominent [M-H]ions in the negative mass spectrum. Compounds 5 and 10 were easily identified as catechin and epicatechin, respectively, for their identical prominent [M-H]ions at m/z 289.1 (C 15 H 13 O 6 ), and the characteristic MS 2 product ions at m/z 245.1, 205.1 and 179.0. These data were in accordance with known literature [7] . In accordance with the literature [8] , epicatechin (10) was eluted later than catechin (5) . Another five compounds were easily characterized as catechin derivatives from their identical characteristic product ions at m/z 289.1. These derivatives could be further distinguished from other characteristic MS cleavage products. When the carboxy was methylated, like compounds 18 and 21, characteristic product ions were observed at m/z 451.1 and 341.0 for the neutral losses of CH 3 OH and CH 3 OH+C 6 H 6 O 2 , repectively. For the MS 2 analysis of compound 12, in addition to the prominent product ion at m/z 289.0708, another characteristic product ion was observed at m/z 315.0864 for the neutral loss of CO 2 +C 6 H 6 O 2 ( Figure 3 ); thus compound 12 was characterized as 8-[-(3,4-dihydroxyphenyl)--carboxyl-3oxopropyl]-substituted catechin, which was deduced to be a new compound, but the relative configuration could not be determined. The neutral loss of C 6 H 6 O 2 (-110 Da) was the characteristic product ion for phenylpropanoid-substituted catechins, like compounds 28 and 29, but the product ion at m/z 289.1 was not found when the pyran ring was closed. Two dimeric procyanidins, compounds 8 and 14, were also characterized. Compound 8 was tentatively identified as procyanidin B since four isomers, procyanidin B 1 , B 2 , B 3 and B 4 could occur in nature [9] , and compound 14 was identified as 3',4',5,7-tetrahydroxyflavan-(48)-3,3',4',5,7-pentahydroxyflavan, [11] . However, when compound 13 was analyzed by 2D NMR, it was certified to be 5-O-caffeoylshikimic acid, which has also been reported as a major constituent of Smilacis glabrae [5] . Thus the eluting order of the three regioisomers in nature should be 3 > 4 > 5, and this is consistent with another literature report [12] . (23) and rosmarinic acid (26) were previously isolated from Sarcandra glabra in our lab, and identified by the author.
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Materials and sample preparation:
The rhizome of Smilacis glabrae was supplied by Kangmei Pharmaceutical Co. LTD with the origination from Guangxi province, China. A sample was deposited in the Center for Laboratory, Second Affiliated Hospital, Guangzhou University of Traditional Chinese Medicine.
The dried rhizome (0.5 g, 60 mesh) was accurately weighed and extracted by infusion with 10 mL 50% aqueous methanol for 24 h at room temperature. Then, the extract solution was prepared and the solution filtered through a 0.22 m nylon membrane filter prior to injection for LC/MS analysis.
HPLC-PAD/ESI-MS n analysis:
Chromatographic separation was performed on an Accela TM U-HPLC system (Thermo Fisher Scientific, San Jose, CA) comprising a U-HPLC pump, a PDA detector, and scanning from 200 to 400 nm. MS analysis was performed using a LTQ Orbitrap XL hybrid mass spectrometer (Thermo Fisher Scientific, San Jose, CA, USA), fitted with an ESI source, and operated in negative ion mode. The LC and MS analysis conditions were the same as those previously reported for analysis of Sarcandra glabra [6] .
